Abstract.An intra-aortic balloon pump (IABP) is an effective device for supporting circulation in the event of acute heart failure. 
thrust/volume ratio of the LPM was 0.88 N/ml, a high figure equal to about 90% of the theoretical limit for an electromagnetic motor [5] .
B. Configuration of an LPM-driven IABP apparatus Fig. 4 shows the configuration of the IABP system driven by an LPM. In this system the linear motion of the LPM mover is converted into the inflation and deflation of a balloon via a bellows. The mock apparatus mimics the load of a human body, and by adjusting the air pressure (hereafter "internal pressure") within the apparatus the load can be varied. Because the air chamber is sealed, when the balloon is inflated in the system the water level rises, air is compressed and the internal pressure rises. If the internal pressure with the balloon deflated is p0 (mm Hg) and the volume of the air chamber is V0 (ml), then the infinitesimal change in internal pressure Ap for an infinitesimal change AV in the air chamber volume can be approximated as linear near the operating point. When the change in volume is rapid a gas undergoes polytropic changes, and the change in pressure is given by eq. (1) [6] , converging on an isothermal value as time elapses.
Ap-rPo AV [mmHg] (1)
Here y is the polytropic index (=1 to 1.4 Fig. 5 shows the mover driving pattern. The mover is driven at constant velocity; by varying the rest time Td (sec) during reversal of the direction of motion (the time during which the mover is at rest) the driving frequency f (Hz) (=1/T) was varied. Fig. 6 Fig. 3 . Thus the LPM is driving the system at the limit for kinetic thrust (just before stepping out of rhythm).
We next consider the thrust required of the LPM when driving at a heart rate of 150 bpm, that is, an equivalent velocity of 260 mm/s (Fig.  1 2) The thrust/volume ratio of the LPM, which adopts a magnetic circuit construction designed for a high thrust density, is 0.88 N/ml. This is about 90% of the theoretical limit of 1 N/ml for the thrust density of an electric motor.
3) The minimum balloon operation time in the LPM-driven IABP system was 330 ms, and it was found that operation at heart rates of up to 120 bpm is possible. This IABP satisfies the requirements made of IABP systems for normal clinical use.
